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Corynebacterium striatum is a potentially pathogenic microorganism with the ability to produce outbreaks of 
nosocomial infections. Here, we document a nosocomial outbreak caused by multidrug-resistant (MDR) C. striatum 
in Rio de Janeiro, Brazil. C. striatum identification was confirmed by 16S rRNA and rpo-6 gene sequencing. Fifteen 
C. striatum strains were isolated from adults (half of whom were 50 years of age and older). C. striatum was mostly 
isolated in pure culture from tracheal aspirates of patients undergoing endotracheal intubation procedures. The 
analysis by pulsed-field gel electrophoresis (PFGE) indicated the presence of four PFGE profiles, including two 
related clones of MDR strains (PFGE I and II). The data demonstrated the predominance of PFGE type I, compris- 
ing II MDR isolates that were mostly isolated from intensive care units and surgical wards. A potential causal link 
between death and MDR C. striatum (PFGE types I and II) infection was observed in five cases. 
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Like several other multidrug-resistant (MDR) non- 
diphtherial Corynebacterium species, Corynebacterium 
striatum has been cited with increased frequency as a 
pathogen of nosocomial infections (Lee et al. 2005), in- 
cluding septicaemias (Martin et al. 2003), pulmonary in- 
fection (Renom et al. 2007, Wong et al. 2010), meningitis 
(Weiss et al. 1996), endocarditis (Oliva et al. 2010), os- 
teomyelitis (Fernandez-Ayala et al. 2001), septic arthritis 
(Scholle 2007), keratitis (Heidemann et al. 1991), skin 
wounds (Moore et al. 2010) and intrauterine infections 
(Boltin et al. 2009). The first case of C. striatum in an 
uncomplicated urinary tract infection in an ambulatory 
patient without any other predisposing factors was re- 
cently reported (Lopez et al. 2009). 

Outbreaks caused by C. striatum have been reported 
in long-term hospitalised patients with prolonged expo- 
sure to broad-spectrum antibiotics and in intensive care 
units (ICU) (Leonard et al. 1994, Otsuka et al. 2006). 
The presence of multiple medical devices may facilitate 
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colonisation by C. striatum of the upper respiratory tract 
with subsequent invasive infection. Therefore, C. stria- 
tum should not be simply disregarded as a contaminant, 
especially when isolated as a pure growth in chronically 
debilitated patients with multiple medical devices in situ 
(Brandenburg et al. 1996, Renom et al. 2007). 

An increase in the number of cases in which C. stri- 
atum has been isolated from clinical specimens from 
patients with varying degrees of immunocompromisa- 
tion and severe infections has been observed in indus- 
trialised countries that can afford these types of stud- 
ies. With the aid of molecular-biology-based techniques, 
the clonal nature of the isolates in nosocomial outbreaks 
has been unequivocally established (Brandenburg et al. 
1996, Martin et al. 2003, Otsuka et al. 2006, Renom et 
al. 2007, Adderson et al. 2008, Campanile et al. 2009, 
Martins et al. 2009, Wong et al. 2010). 

In South America, only reports from Brazil indicate 
the sporadic isolation of C. striatum from representa- 
tive clinical sites of hospitalised patients with signs and 
symptoms of infection (Camello et al. 2003, Martins 
et al. 2009, Superti et al. 2009). In contrast to previ- 
ous data observed by our research group (Camello et al. 
2003), an unusual clustering of 14 patients in our teach- 
ing hospital within a period of nine months produced 
a sentinel signal that justified the study of a possible 
outbreak. Therefore, the microbiologic characteristics, 
resistance profiles and similarities among the genomes 
of 15 C. striatum strains isolated from these patients 
were investigated. 
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SUBJECTS, MATERIALS AND METHODS 

Bacterial strains - We reviewed the microbiological 
features of 15 C. striatum strains recovered from repre- 
sentative clinical sites of 14 hospitalised patients (50% 
male; 50% with fatal outcomes) with signs and symp- 
toms of bacterial infection. The patients were hospital- 
ised between August 2009-April 2010 in seven different 
wards of a 600-bed teaching hospital in Rio de Janeiro 
(RJ), Brazil (Table). All C. striatum isolates from the pa- 
tients included in the study were detected using routine 
diagnostic cultures. 

Bacterial phenotypic characterisation - Coryne- 
bacterium-like colonies were selected for further iden- 
tification when they were grown in any quantity from 
normally sterile body fluid or when they were isolated 
in significant numbers or in pure culture from other 
specimens obtained at clinical sites where infection was 
suspected (Funke & Bernard 2007). All clinical samples 
yielding more than three organisms were regarded as 
contaminated and discarded (Thomson & Miller 2007). 
For quantitative bronchoalveolar lavage (BAL) fluid cul- 
tures, a colony count > 10^ colony-forming units (CFU) 
mL ' of potential pathogens was considered positive. 
Isolation of three species of microorganisms was classi- 
fied as a polymicrobial infection of the lower respiratory 
tract. Microorganisms were identified from the urine 
cultures in cystine lactose electrolyte-deficient agar 
(Merck, Darmstadt, Germany) and were considered po- 
tential pathogens when the growth exceeded 10'' CFU 
mL ' as the only isolate or > 10^ CFU mL ' as the pre- 
dominant isolate; in cases of nephropathies, > 10^ CFU 
mL ' was also considered a potential pathogenic level. 
Blood cultures were always obtained in pairs, wherein 
at least one of the samples was collected through the 
central venous catheter, if present. Blood specimens 
were inoculated in Bactec Plus anaerobic/aerobic vials 
and processed in a Bactec 9240 continuous-monitoring 
system (Becton-Dickinson Microbiology System, Cock- 
eysville, MD, USA). Other clinical specimens were in- 
oculated onto a Columbia agar base with the addition 
of 5% sheep's blood and incubated at 37°C in a 3-5% 
CO, atmosphere and monitored for 72 h (Camello et al. 
2003, Martins et al. 2009). Positive bacterial cultures 
for irregular Gram-positive rods were preliminarily 
characterised by colonial morphology, pigmentation, 
haemolysis, DNase activity and CAMP reaction with 
Staphylococcus aureus (Camello et al. 2003, Funke & 
Bernard 2007, Pimenta et al. 2008). Phenotypic charac- 
terisation was also performed using the semi-automated 
API Coryne System 3.0 (bioMerieux) with the API web 
decoding system (apiweb.biomerieux.com) (Almuzara et 
al. 2006, Funke & Bernard 2007, Campanile et al. 2009, 
Martins et al. 2009). 

Susceptibility testing - Antimicrobial susceptibility 
profiles were determined by the disk diffusion method 
in cation- adjusted Mueller-Hinton agar supplemented 
with 5% sheep blood. Breakpoints for the susceptible 
strains were used as suggested by the Clinical Laborato- 
ry Standards Institute (CLSI) for bacteria excluded from 



tables 2A-K. As there is not yet a defined standard for 
interpreting these results, the standard proposed in CLSI 
document M45-A (ISBN 1-56238-607-7) was used (CLSI 
2007). The breakpoints for S. aureus were considered 
in the cases of penicillin, oxacillin and ampicillin. For 
the other antimicrobial agents, we used the breakpoints 
for other microorganisms, but not Haemophilus spp or 
Neisseria gonorrhoeae, which had been validated by 
previous studies. Intermediate results were considered 
resistant (Camello et al. 2003, Martins et al. 2009). The 
antibiotics (Oxoid SA, Spain) tested included penicillin 
(10 U), ampicillin (30 |ig), methicillin (5 |.ig), cefotaxime 
(30 (xg), cefepime (30 (xg), ceftriaxone (30 |.ig), imipenem 
(10 |ig), erythromycin (15 (xg), clindamycin (2 (xg), lin- 
ezolid (30 |xg), ciprofloxacin (5 (xg), moxifloxocin (5 (xg), 
tetracycline (30 |ig), gentamicin (10 (xg), rifampin (5 |xg), 
fosfomycin (200 (xg), vancomycin (30 |.ig), mupirocin 
(200 |ig), tobramycin (10 |xg), nitrofurantoin (300 |xg) 
and ticarcillin/clavulanate (75 |ug/10 ng). 

Gene amplification and sequencing - C. striatum 
identification was confirmed by 16S rRNA and rpoQ 
gene sequencing. Each strain was grown in Brain Heart 
Infusion broth by incubation for 24/48 h at 30°C and 
centrifuged for 5 min at 3,000 rpm. The pelleted bac- 
teria were suspended in 500 |.iL of sterile water and 
subsequently boiled for 15 min for DNA extraction. 
Cell extracts were then immediately stored at -20°C for 
use in polymerase chain reaction (PCR) reactions. 16S 
rRNA gene was amplified using universal primers pA 
(5'-AGAGTTTGATCCTGGCTCAG) and pH (5'-AAG- 
GAGGTGATCCAGCCGCA), as described by Watts et 
al. (2000). The purified PCR product was sequenced by 
primer walking with the oligonucleotides using the fol- 
lowing primers for sequencing: 1831 (5'-GAGGAAC- 
ACCGATGGCGAAGGC), 1832 (5'-GCCCCCGTCA- 
ATTCCTTTGAGTT) (Watts et al. 2000) and 519r (5'- 
G(AT)ATTACCGCGGC(GT)GCTG) and 1242f (5'- 
CACACGTGCTACAATGG) (Johnson 1994). The rpoB 
gene was amplified and sequenced using primers fol- 
lowing procedures described previously (Khamis et al. 
2004). The sequencing reactions were performed using 
a BigDye Terminator v 3.1 cycle sequencing kit (Applied 
Biosystems) on an ABI-3730 Automated DNA Sequenc- 
er (Applied Biosystems) following standard protocols. 
The 16S rRNA gene sequences were compared to those 
available in the National Center for Biotechnology Infor- 
mation (ncbi.nlm.nih.gov) using the BLAST algorithm 
and the Ribosomal Database Project II (rdp.cme.msu. 
edu/html). The 7770B gene sequences were only com- 
pared in the GenBank database. 

Phylogenetic analysis - The 16S rRNA gene se- 
quences were aligned by CLUSTALX (Thompson et al. 
1997). The phylogenetic trees were constructed by using 
the neighbour-joining (NJ) genetic distance method and 
were made using the program MEGA 4.0 package with 
the option of complete deletion of gaps (Tamura et al. 
2007). The Kimura two-parameter model was chosen for 
all NJ tree constructions. The reliability of each tree to- 
pology was checked with 1,000 bootstrap replications. 
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Pulsed-field gel electrophoresis (PFGE) - Genomic 
DNA was prepared following a method described previ- 
ously (Garcia-Crespo et al. 2005). The DNA was cleaved 
with Swal (New England BioLabs) according to the man- 
ufacturer's instructions. PFGE was carried out in 0.5X 
TRIS-borate-EDTA-1.2% agarose gels at 13°C with a 
CHEF DRII system (Bio-Rad). The pulse times were 1-30 
s over 22 h. A lambda DNA concatemer (New England Bi- 
oLabs) was used as a molecular size marker. Similarities 
among macrorestriction patterns were identified accord- 
ing to the criteria established by Tenover et al. (1995). 

Ethics - This study was developed in compliance 
with the Brazilian Government's Ethical Guidelines for 
research involving human beings (resolution of the Na- 
tional Health Council/Ministry of Health) and approved 
by the ethical research committee (INCA-CEP 008/06). 

RESULTS 

Epidemiological aspects - All 15 C. striatum clinical 
samples and the patients' ages, genders, hospital wards, 
outcomes, sites of isolation and associated microorganisms 
are displayed in chronological order in the Table. With the 
exception of four patients for whom age was not avail- 
able, C. striatum strains were isolated only from adults 
(7 males and 7 females; half of whom were 50 years of 
age or older). Most of the strains were grown in pure cul- 
ture (n = 13) and from tracheal aspirates (n = 9). Numeri- 
cally predominant colonies of C. striatum were observed 
in two polymicrobial cultures from tracheal samples: one 
CO -infected with Klebsiella pneumoniae and another with 
Pseudomonas sp. and Staphylococcus sp. C. striatum 
strains were also isolated from blood (n = 1), cerebrospi- 
nal fluid (CSF) (n = 1), BAL (n = 1), surgical wounds (n = 
2) and urine (n = 2) samples. From the deceased patient, 
number 14, C. striatum strains were isolated from both 
the tracheal aspirate and the CSF (Table). 

When considering bacterial growth in pure culture 
and the proximity between microbiological diagnosis 
and death of the patients, the possibility of a causal link 
between death and C. striatum infection was observed 
in five cases (3, 9, 11, 12 and 14) (Table). At least half of 
the patients previously infected with C. striatum died, 
indicating a high severity of illness and/or immune de- 
ficiency. All seven deaths during the period of study oc- 
curred in patients from whom C. striatum was isolated 
in a pure culture (3 in December 2009). 

Fig. 1 presents the epidemic curve of the infections 
caused by C. striatum, suggestive of a nosocomial out- 
break. Most of the C. striatum strains (n = 6) were iso- 
lated in December 2009 from patients from various hos- 
pital wards. The pathogen was found circulating mostly 
among inpatients admitted to the ICU and surgical wards 
(n = 10) from August 2009-April 2010 (Table). C. stria- 
tum infections were observed in the general ICU (n = 4), 
cardiac ICU (n = 1), ICU II (n = 2), thoracic surgery (n 
= 3), nursery 18 (n = 2), infectious diseases (n = 2) and 
urology (n = 1) wards. 

Antimicrobial susceptibility, phenotypic and geno- 
typic properties of C. striatum clinical isolates - MDR 
profiles for 21 of the antimicrobial agents tested were 
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Fig. 1: epidemic curve for Corynebacterhim striatum over time. 



observed in 87% of the C. striatum strains that were sus- 
ceptible only to vancomycin, linezolid and tetracycline. 
Two strains (1954BR-RJ surgical wound isolate and 
1961BR-RJ urine isolate) were susceptible to most of the 
tested drugs (MDS) except mupirocin, fosfomycin and 
ticarcillin/clavulanate. Deaths occurred only in patients 
from whom MDR C. striatum strains were isolated in 
the blood, CFS, BAL and/or tracheal aspirate. 

The phenotypic analysis of C. striatum strains revealed 
variability in the results of nitrate reductase and pyrazin- 
amide (pyz) activities and/or sucrose fermentation (Table). 
To genotypically confirm the suspected C. striatum iso- 
lates, we performed 16S rRNA and rpo'Q gene sequenc- 
ing. GenBank accessions for the 16S rRNA and /yoB 
genes sequences were deposited: JF342692-JF342700 
and JF342701-JF342709, respectively. The 16S rRNA se- 
quences from the clinical isolates exhibited the highest 
similarity values to the type strain of C. striatum (ATCC 
6940), ranging from 99.32-99.84%. The phylogenetic ana- 
lysis, based on the 16S rRNA sequences, unambiguously 
demonstrated that the clinical isolates belonged to the C. 
striatum species, as illustrated in Fig. 2. A comparative 
analysis of the partial rpoQ sequences for the clinical iso- 
lates revealed sequence similarities in the ranges of 97.08- 
97.15% with the type strain C. striatum (ATCC 6940). 

PFGE analysis - The restriction endonuclease Swal 
revealed four distinct PFGE profiles among the C. stria- 
tum isolates, which were designated I, II, III and IV. The 
PFGE profile I was the most frequently observed among 
the 15 strains (78.57%)) isolated from the 14 patients 
(71.42%o) included in this study (Fig. 3). PFGE analysis 
confirmed the isolation of a single clone of C. striatum 
(PFGE I) from the respiratory tract and CSF of the pa- 
tient of case 14. Profiles II, III and IV differed by more 
than three bands from PFGE profile I by visual inspec- 
tion. According to the interpretation criteria by Tenover 
et al. (1995), MDR clinical isolates belonging to profile II 
exhibited six bands of difference from the outbreak MDR 
strain and were considered potentially related to the out- 
break. The MDS isolates belonging to profiles III and IV 
exhibited more than six bands of difference, indicating 
that they were unrelated to the outbreak strain (Fig. 3). 
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Fig. 2: phylogenetic tree based on neighbour-joining method using 16S rRNA gene sequences. Distance estimations were calculated by using 
the Kimura two-parameter model. Bootstrap percentages after 1,000 simulations are shown. The Actinomyces bovis (T) X81061 sequence was 
used as outgroup. 




Fig. 3: pulsed-field gel electrophoresis (PFGE) profiles of Brazilian 
Corynebacterium striatum isolates. Lane 1: X DNA ladder PFGE 
marker; 2-5, 7: profile I (isolates 1958, 1959, 1987, 1974 and 2539, 
respectively); 6: profile II (isolate 2369); 8, 9: profile III (isolate 1961); 
10: profile IV (isolate 1954). 



DISCUSSION 

In Brazil, previous investigations revealed that 1.9% 
of samples isolated from varied clinical sources of can- 
cer patients treated in a reference centre in RJ during 
a one -year period were positive for C. striatum, corre- 
sponding to one case of upper and three of lower respira- 
tory tract infections and two cases of surgical wounds 
(Martins et al. 2009). 

In the present study, we documented a nosocomial 
outbreak that includes a fatal case of systemic infection 
caused by C. striatum in a 600-bed teaching hospital in 
RJ. PFGE analyses of 15 C. striatum strains indicated 
the presence of four PFGE profiles, including two re- 
lated clones of MDR strains (PFGE I and II). Our data 
demonstrated the predominance of PFGE type I com- 
prising 11 MDR isolates that were mostly isolated from 
the ICU and surgical wards. The tracheal aspirate speci- 
mens obtained from patients with ventilator-associated 
respiratory tract colonisation or pneumonia were mostly 
(6 out of 7) PFGE type I. The possibility of a causal link 
between death and C. striatum (PFGE types I and II) 
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infection was observed on five occasions. Similar to our 
findings, previous studies also revealed ventilator sup- 
port as a relevant risk factor for acquiring C. striatum in- 
fection (Brandenburg et al. 1996, Campanile et al. 2009, 
Wong et al. 2010). 

Investigations dealing with infections caused by 
coryneform bacteria in paediatric oncology patients of 
St. Jude Children's Research Hospital (Tennessee, USA) 
indicated that most bacteraemia cases were due to C. stri- 
atum. These patients had complications related to their 
infections, including infection relapse and septic arthritis 
(Adderson et al. 2008). In the present study, C. striatum 
strains were not isolated from infants and new-borns 
and/or cancer patients. The pathogen was isolated from 
adults, with half of the patients (n = 7) 50 years of age 
or older. The isolation of pure, heavy-growth C. striatum 
in the absence of other pathogens together with clinical 
deterioration provided strong evidence for its pathogenic 
role in our patients. However, we could not ascertain how 
many of the fatalities could be attributed to C. striatum 
infection rather than to underlying conditions. 

Except for the unvarying activity of vancomycin 
against corynebacteria, the variability in resistance to 
other classes of antimicrobial agents emphasises the 
need for the continuous surveillance of their resistance 
patterns. Although most reported C. striatum isolates 
have been susceptible to a wide range of antibiotics 
(Martinez-Martinez et al. 1995, 1996, Weiss et al. 1996), 
it has been suggested that the selective pressure exerted 
by prior antimicrobial treatment favours the overgrowth 
of C. striatum as a secondary coloniser in immunocom- 
promised hosts. In this context, the emergence of MDR 
strains is of particular concern (Leonard et al. 1994, 
Campanile et al. 2009). Herein, the MDR phenotype 
of C. striatum strains was immediately observed and 
was responsible for the alarm that led to the subsequent 
laboratory surveillance of these strains. Most (87%) C. 
striatum strains were only susceptible to vancomycin, 
linezolid and tetracycline. 

In Japan, Otsuka et al. (2006) reported variable 
rates of the susceptibility of C. striatum to P-lactams 
and aminoglycosides, with high levels of resistance to 
erythromycin, tetracycline, rifampin and ciprofloxa- 
cin, although all strains were sensitive to vancomycin. 
PFGE procedures identified 14 patterns of C. striatum, 
with types A, D and E associated with nosocomial out- 
breaks of respiratory origin and with subtypes Al, A2, 
D2 and E associated with resistance to a broad range of 
antibiotics. Moreover, Renom et al. (2007) observed in 
their samples that the criterion of multidrug resistance 
(resistance to 3 or more antibiotics of different families) 
applied to 100% of the strains isolated in nosocomial 
outbreaks, of which 65% were resistant to four or five 
different antibiotic groups, 6.9% were sensitive only to 
imipenem and vancomycin and IP/o were sensitive only 
to vancomycin. According to the sensitivity patterns ob- 
tained by Otsuka et al. (2006), we observed in our sam- 
ples that the criterion of multidrug resistance (resistance 
to 3 or more antibiotics of different families) applies to 
87% of C. striatum (PFGE types I and II) strains isolated 
in the present nosocomial outbreak. 



For C. striatum, no publically available database ex- 
ists, such as PulseNet (cdc.gov/pulsenet), to enable the 
comparison of PFGE patterns observed in the different 
nosocomial outbreaks. Campanile et al. (2009) observed 
that the ^wal-PFGE profiles of C. striatum exhibit bands 
ranging in size from 48.5-533.5 kb. In our study, we ob- 
tained 5waI-PFGE profiles with bands ranging in size 
from over 97.0-533.5 kb. The absence of bands ranging 
in size from 48.5-97.0 kb suggested that the MDR C. 
striatum strains isolated in this nosocomial outbreak 
in Brazil were different from those isolated in Italy by 
Campanile et al. (2009). Moreover, the analysis of the 
phenotypic profiles of C. striatum indicated that the Bra- 
zilian strains were different from those isolated in the 
Netherlands (biotype: nitrate/pyz-positive and sucrose- 
negative; API code 3100104) (Brandenburg et al. 1996). 

To our knowledge, this is the first Brazilian nosoco- 
mial outbreak caused by MDR C. striatum described in 
the literature. With the support of PFGE techniques, the 
clonal nature of the outbreak isolates was established, 
although a common source and the mode of transmis- 
sion could not be determined. The present findings also 
highlight the importance of C. striatum as an emerging 
MDR nosocomial pathogen worldwide and the fact that 
different clones may be responsible for these nosoco- 
mial outbreaks. 
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